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The r e s u l t s  of a l i t e r a t u r e  search ,  which was  conducted t o  determine 

what research had been accomplished toward ascer ta in ing  t h e  propagation 

r e l i a b i l i t y  f o r  electromagnetic f requencies  from approximately 1 GHz through 

v i s i b l e  l i g h t  f requencies ,  are presented. Summaries of propagation s tud ie s  

having r e s u l t s  t h a t  are pe r t inen t  t~ op t i ca l  paths  ( i . e . ,  Pine-of-sight 

paths) are presented, with no ta t ion  as t o  the  geographical l oca t ions  of t h e  

s t u d i e s ,  t h e i r  operat ing frequencies ,  t h e i r  path descr ip t ions ,  and the  t i m e  

of year  these  d a t a  w e r e  obtained. 

SUMMARY OF LITERATURE 

Date of Study, Frequency 
o r  Wavelength, Path 

Ref. Length, and Location Resul ts  and Conclusions 

1. 1930* 
5 cm wavelength 
Theoret ical  ana lys i s  
(no p a r t i c u l a r  path) 

The e f f e c t  of r a i n ,  fog, o r  clouds 
on propagation of s h o r t  rad io  waves 
was s tudied ,  A conclusion w a s  t h a t  
f o r  waves g rea t e r  than 5 cm i n  
length (or  6000 MHz) t h e  e f f e c t  
of ordinary r a i n  o r  fog on absorp- 
t i o n  fs neg l ig ib l e ,  

2. Ju ly ,  August 1944 It w a s  concluded t h a t  due t o  r a i n ,  
1 cm;  3 . 2 ~ ~ ;  1260 f e e t  t he  added pa th  l o s s  a t  3.2 cm i s  
f o r  t h e  1 cm l i n k ;  900 9.05 db/mi/mm/hr of: p rec ip i t a t ion .  
f e e t  f o r  3.2 c m  l i n k  
New Jersey  

3. A p r i l  1944 
6 mm wavelength 
1200 foo t  pa th  
New Jersey  

*Publication da te .  
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Rain w a s  measured a t  the  receiving 
end by one r a i n  gauge. It w a s  
concluded t h a t  i n  terms of average 
r a i n f a l l  i n  t h e  middle temperate 
zone t h e  one-way loss a t  t h i s  
wavelength w i l l  be less than: 

.5 db/mi 99% of t i m e  
1 .5  db/mi 98% of t i m e  
6,O d b / d  99% of t i m e  
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4. June - October 1944 
3 c m  wavelengtb 
24 m i  and 13 m i  paths  
New York 

The i n v e s t i g a t o r  concludes that no 
important d i f f e rence  exists between 

Bly and v e r t i c a l l y  polar ized 
t h e  3 e m  band over t h e  pa ths  

used, Vertical l ane  v a r i a t i o n s  are 
found t o  be mor common and more 
pronounced. V a  a t i o n s  ranging t o  
E/2 degree as compared with ho r i z  
plane v a r i a t i o n s  of less than 1 / E  
degree were p resen t ,  

5. Apr i l  1946 A very marked and progressive improve- 
10.7 c m  and 3.2 cm wave- ment i n  c o r r e l a t i o n  w a s  observed i n  
length.  27 nl going from pool- t o  f a i r  t o  good 
Suf f i e ld ,  Alb ho r i zon ta l  uniformity of meteorological 
Canada condi t ions,  giving considerable  support  

t o  t h e  commonly accepted d i f f r a c t i o n  
formulae, It appears t h a t  s ta t is t ical  
f o r e c a s t s  of t h e  p robab i l i t y  of abnormal 
r ada r  ranges, based 
are p r a c t i c a l ,  Ho er, u s e f u l  day t o  
day f o r e c a s t s  appear t o  be very d i f f i c u l t .  

rl p a s t  observat ions,  

6. 1943 - 1945 
9.2 c m  wavelength 
61  km path 
England 

7. 1946* 
S t a t i s t i c a l  and 
Theoret ical  ana lys i s  

8. Feb, 1943 - Feb, 1944 
45.1, 474, 2800 MRi 
42.5 m i  o p t i c a l  path 
70.1 m i  nonopt. path 
New York 

I n  comparing meteorological d a t a  with 
received s i g n a l  da t a ,  i t  i s  concluded 
t h a t  a l a p s e  of water vapor content 
with height gives  f a p x a b l e  propagation 
c h a r a c t e r i s t i p  while an inc rease  of 

e n t  with height  gives  

I 

The refract . i& index varies logarithmi- 
c a l l y  with height .  Reflect ions are 
poss ib l e  from a d i scon t inu i ty  of t h e  
d i e l e c t r i c  constant as s m a l l  as 10-5e 
Data shows t h a t  t h i s  d i scon t inu i ty  does 
O C c U r  e 

Refract ion w a s  found t o  be g r e a t e r  i n  
the  summer months, The s t ronges t  
periods of r e f r a c t i o n  occurred a t  n i g h t  
or I n  early morning, 
not  evident  when the  average wind 
v e l o c i t y  w a s  g r e a t e r  than 13 m i l e s  p e r  
hour. 
dur ing  t h e  periods of s t r o n g e s t  
r e f r a c t i o n s  ind fca t ed  t h a t  roughly 60 
pe r  cent of t h e  g rad ien t s  w e r e  of t h e  
f r o n t a l  type. Approximately 60 pe r  

Refract ion w a s  

A study of weather conditions 

*Publication date., 
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(continued) 

9. March - A p r i l  1945 
3 c m  and 9 cm 
Ocean path up t o  
80 m i .  
Antiqua, B.W.I.  

10. 1947* 
S ta t f s t ica l  and 
Theoret ical  study 
30 MHz (no p a r t i c u l a r  
path)  

11. July 1943 - S e p t .  1945 
3 .2 ,  6.5, 10 cm 
40 m i  o p t i c a l  p i t h  
New York 

cent  s f  t h e  grad ien ts  w e r e  higher  than 
100 f e e t  above the  e a r t h ' s  s u r f a  
For t h e  o p t i c a l  path,  reduct ions 
f i e l d  s t r eng th  increased with an 
increase  i n  frequency. For t h e  nonop- 
t i ca l  path increases  of f i e l d  s t r eng th  
increased with an increase  i n  frequency. 

An extremely low-lying sur face  duct ,  
averaging i n  height  between 20 and 60 
f e e t  over the sea, persists i n  the  
t r ade  wind regions.  
s t r eng th  of t h i s  duet varies with 
wind speed; lower winds produce a 
higher  but  wdaker due t ,  Changes i n  
wind speed h+ve no c l e a r  e f f e c t  on t h e  
t o t a l  M d e f i a i t  which is  determined 
e s s e n t i a l l y  by the  temperature and 
humidity of t he  a i r  m a s s  as a whole. 
Passing s q u a l l s  and r a i n  showers do not 
w i p e  out  t h e  d m t  o r  decrease t h e  
received s i g n a l .  The duet i s  not 
present  over 
wi th in  about 114 m i l e  from t h e  windward 
sha re ,  For 9 em waves, s t ronger  s igna l s  
are a t t a ined  with higher  antennas up t o  
100 fee%, For 3 em waves, antenna 
heights  of very low e leva t ion  ( 6  t o  15 
f e e t ) ,  g ive s t ronger  s i g n a l s  on longer 
ranges. 

The height  and 

land but  i s  destroyed 

The e f f e c t s  on propagation due t o  
antenna he ights ,  earth\$ curvatures ,  
h i l l s ,  bu i ld ings ,  etc. ,  were discussed 
f o r  frequencies above 30 MHz. 

No attempt w a s  made t o  make meteorolo- 
g i c a l  measurements. Periods of great-  
est fading extended from about midnight 
t o  sun r i se ,  Transmissions w e r e  most 
s t a b l e  during noon hours. It appears 
t h a t  when the  atmosphere 5s w e l l  mixed 
as i n  windy o r  ra iny  weather t h a t  trann- 
missions are most steady. 
air  is  a condi t ion conducive t o  s t ra t i -  
f i c a t i o n  and duct formation (hence 
fading increases  i n  the  evenings). 

C a l m  and s t i l l  

*Publication date .  
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* 12.  1948* 
S t a t i s t i c a l  Analysis 
X-band (3.2 cm) 
United States 

13. 1946 
300 MHz t o  4000 MHz 
20, 26, 37 m i  paths  
Phi ladelphia  t o  
New York 

14. Apr i l  1946 
3 cm wavelength 
27 m i  path 
Arizona Desert 

An at tempt  t o  determine the  ex ten t  
of r a i n  a t t enua t ion  f o r  X-band radar  
a t  var ious l o c a l i t i e s  i n  the  United 
S t a t e s  w a s  made. It w a s  concluded 
t h a t  heavy r a i n  of .4 incheslhr .  over 
t h e  e n t i r e  path cu t s  t he  range f o r  
X-band t ransmission t o  50 m i l e s  o r  
less e 

Slow types of fading are bel ieved t o  
be caused by an upward curvature  of 
t he  d i r e c t  wave path. The e f f e c t  i s  
t h e  same.as i f  t h e  rad ius  of t h e  
e a r t h  w e r e  reduced from normal e a r t h  
radius;  thus ,  an o p t i c a l  path becomes 
nonoptical .  The e a r t h  curvature  
d i f f r a c t i o n  approaches kn i f e  edge 
d i f f r a c t i o n  with Zncreasing frequency. 
It appears t o  be a good p r a c t i c e  t o  
design microwave systems so  t h a t  t h e  
f r e e  space va lue  of s i g n a l  is 
received under normal condi t ions of 
r e f r ac t ion .  For paths  t h a t  are high 
above t h e  grazing poin t ,  i t  has  been 
found t h a t  d i v e r s i t y  recept ion  i s  
very e f f e c t i v e .  

There w a s  an apparent r e f l e c t i o n  
c o e f f i c t e n t ,  p ,  f o r  dese r t  sand of 
between .3  and . 8 .  The r e s u l t s  
obtained agree with ca l cu la t ions  
based upon t h e  theory t h a t  t he  
magnitude and phase might be cal- 
culated on t h e  bas i s  of a d i r e c t  
wave and a r e f l e c t e d  wave from a 
sur face  e 

15. 1944, 1945, 1946 There appears t o  be a co r re l a t ion  
3 c m  and 9 cm wavelengths between t h e  f i e l d  s t r eng ths  and t e m -  
60 m i  oversea path 
The coast  of water and a i r .  It s e e m s  t h a t  obser- 
Great B r i t a i n  va t ions  an t he  performance of e m  wave 

perafure  d i f fe rences  between sea 

equipment may be use fu l  f o r  determining 
t h e  mean meteorological condi t ions 
along a g5ven path.  I n  f a c t ,  t he  
authors fe l t  t h a t  t he  observations 
d g h t  be more use fu l  t o  t h e  meteoro- 
l o g i s t s  than t o  t h e  r ad io  man. 

*Publication da te .  

4 



* 16. 

17. 

1949* 
Statistical and 
Theoretical study. 
VHF, UHF (no particular 
path) 

1946 
1000 MJ3z to 25,000 NHz. 
26 mi and 41.5 mi path 
Arizona Desert 

18. Dec. 1946 - Dec. 1947 
16.2, 7.2, 4.7, 3.1 cm 
42 mi optical 
New York 

19. Stat is tical Analysis 
10, 50 GHZ 
50 km 
Washington, D e C . 

It was concluded that ground 
reflections constitute a dominant 
influence -on wave propagations 
within an optical range. 

The low moisture, hot climate 
gives rise to ducting with as much 
as 50 db effects on microwave fre- 
quencies-aver optical and nonoptical 
paths, Only two conditions were 
encountered.during the investigations: 
nearly standard refraction in daytime 

scale duct at night. The 
ts out that in the daytime 

the atmosphere is well mixed and that 
at nighttime-cooling results in an 
inversian in the lower layers of the 
atmosphere causing a small scale 
radio duct. 

Microwave radio communication per- 
formance will deteriorate appre- 
ciably and progressively at shorter 
wavelengths and, at wavelengths of 
3 cm and below, shorter path lengths 
together wdth nominal increases in 
transmitter power are indicated if 
a high degree of circuit continuity 
is required. Fading is observed with. 
greater prevalence during the summer 
months and at night as a result of 
changing metesological conditions. 
Diversity reception will prove 
beneficial in reducing the effects 
of multipath transmission. 

A graph is given of attenuation 
coefficient in db/km versus expected 
percentage of time per year that the 
indicated coefficient will be exceeded. 
For 10 GHz some points on the graph 
are (ldb/km; .01%), (.ldb/km; .2%), 
( .05db/km; 1%) , ( e 026db/km; 3%-50%) . 
For 50 @z some points are (10 db/km; 
.Ol%> , (5db/km; 1%) , (ldb/km; 5%) , 
( 3db/km; 80%) . 

*Publication date. 
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20, ' 1950* 
Statistical and 
Theoretical Analysis 

21. 1947 - 1950 
3, lQ, 25 cm 
21 mi, 50 mi 
Atlanta, Georgia 

22. 

23. 

24. 

1951* 
1.25, 2.25, 3.2, 10 cm 
Various locations in the 
world 

1949 - 1950 
3.2 cm 
37 mi 
Tkxas 

1949 - 1950 
3.2 cm 
37 mi 
Texas 

25. 1947 - 1951 
4000 MHz 
22 mi land and water 
New Jersey 

It was concluded that an important 
factor in cm wave transmission is 
the variat2on of the moisture content 
of the lower atmosphere with height. 
The permittivity of saturated water 
vapor is 1,000257. The permittivity 
of air with saturated water vapor is 
1.0008Q6. The permittivity of moist 
air is 1.0007. All measurements 
were made at 752 d g ,  22C., 83% R.H. 

It was concluded that the lower 
frequencies average less fade out 
time %ban the higher frequencies. 
rapidity of fluxations was almost 
directly proportional to frequency. 
The receiued.signa1 strength is 
strongly influenced by the atmospherlc 
conditions for both optical and non- 
optical paths. However, the optical 
paths usually show less fading effects 
than the nonoptical paths. 

The 

Attenuation due to fog, absorption, 
and rainfall for different climates 
differs with wavelength. 

Scattering has the effect of 
broadening the antenna pattern. 

The Brooker-Gordon equation (See 
H. G. Brooker and W. E. Gordon, 
A Theory of Radio Scattering in the 
Troposphere: Proc. IRE Vol. 38. 
pp. 401-412. April 1950) appears 
to be substantiated by experimental 
results e 

Propagation characteristics are 
independent of polarization. For 
a 400 MHz sweep centered at 3950 MHz, 
fadings are frequency selecgive; 
that is, in the 400 MHz bandwidth 
no two frequencies undergo fades of 
the same amplitude at the same 
instant of time. 

*Publication date. 
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26. Ju ly  - O c t .  1950 
4000 MHz 
22 m i  land and w a t e r  
New Jersey 

27. 1952* 
S t a t i s t i c a l  and 
Theore t ica l  ana lys i s  

28. 1950 - 1951* 
S t a t i s t i c a l  and 
Theore t ica l  aaalys%s- 
3.150, 9.350 GHz' 

29. 

30. 

31. 

1952* 
Theoret ical  ana lys i s  

1949 - 1951 
3.26, 9.2 cm wavelength 
39 m i  seawater path 
New Zealand 

June - Dec. 1951 
1700 t o  1850 MHz band 
36 m i ,  28 m i  
Ca l i fo rn ia  

Fades are caused by mult ipath 
transmissions as much as seven f e e t  
longer than t h e  d i r e c t  path. 

90% of ray  bending oecurs i n  the  
lowest 10 km of the  "atmosphere. 
The a c t u a l - r e f r a c t i o n  d i f f e r s  
considerably from the  4/3 e a r t h ' s  
radius  approximation f o r  t h e  d i f -  
f e r e n t  l o c a l i t i e s  and seasons. 

Fading a c t i v i t y  5s shown t o  be 

Pseudo-periodic s c i n t i l l a t i o n s  
are shown t o  be more rap id  f o r  
t h e  9.35 GHz wave. Periods of 
above normal s i g n a l  s t r eng th  are 
explained by t h e  in t e r f e rence  of 
two waves while  per iods of deep 
s i g n a l  depression are probably a 
r e s u l t . o f  t h e  in t e r f e rence  of 
t h ree  waves. 

1 f o r  both wave lengths .  

A method by which a rough e a r t h  
can be replaced by a smooth e a r t h  
is  given. [Note,: The theory i s  
v e r i f i e d  experimentally under a 
c e r t a i n  condi t ion ( see  Ref. 38) . I  

Deep fades are caused by momentary 
cance l la t ion  of t h e  d i r e c t  and 
i n d i r e c t  ray. This r e s u l t s  from 
a combination of lobe-bending and 
atmospheric. turbulenee,  Fades 
f o r  t h e  two wavelengths do not  
coincide t i m e w i s e .  

Fading c o r r e l a t e s  i n  general  with 
atmospheric s t r a t i f i c a t i o n ,  
Ground r e f l e c t i o n s  make t h e  receiving 
antenna he ight  c r i t i c a l .  
Space d i v e r s i t y  should minimize 
f ading 
Deep fades f o r  a path having a s t rong  
ground-reflection component are no t  
due s o l e l y  t o  r e l a t i v e  phase changes 
between t h e  d i r e c t  and i n d i r e c t  ray.  
Fading w a s  observed t o  be more severe 
on the  s t rong  ground r e f l e c t i o n  path 
than on the  o the r  pa th ,  

\ 

*Publication date .  
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32. 1952 The r e f l e c t i o n  c o e f f i c i e n t  increaged 
Between 0.86 and 26.5 c m  c o n s i s t e n d y  with wavelength, and . 
wavelength decreased with increas ing  angle  and 
1000 . fee t  land and 
1430 f e e t  s e a - p a t h  
Texas 

w a s  higher  f o r  ho r i zon ta l  po la r i za t ion  
than f o r  vertical polar iza t ion .  
The 0.86 cm s i g n a l s  w e r e  very sensf- 
t ive Po roughness of t h e  re 
sur face ,  The r e f l e c t i o n  eo 
f o r  ground roughness of a few inches 
f o r  0.86 cm w a s  as low as 15% of t h e  
value f o r  9.0 cm. 
caused a sharp decrease i n  t h e  
r e f l e c t i o n  coe f f i c i en t  of 0-86 cm 
waves but  had l i t t l e  e f f e c t  on t h e  

v e r t i c a l  po la r i za t ion ,  t h e  
r e f l e c t i o n  c o e f f i c i e n t  f o r  0.86 c m  - 
approached t h a t  of t he  longer waves 
a t  t he  higher  angles even f o r  rough 
water. This i nd ica t e s  t h a t  t he  Brew- 
ster angle is not  c l e a r l y  defined 
f o r  rough sur face  conditions.  

Wind r i p p l e s  

ger  wavelength a 

33. 1952 Po? a ground based rece iver  and f o r  
850 MHz t r ansmi t t e r s  a t  d i f f e r e n t  e levat ions,  
1 /2  m i  increments 
New York 

the  h ighes t  t r ansmi t t e r  does not 
necessa r i ly  g i v e  t h e  s t ronges t  
recept ian  a t  var ious po in t s  along 
t h e  path.  

34. Ju ly ,  Aug. 1950 Deep fading is frequency s e l e c t i v e  
3750 t o  4190 MHz and is  caused by complex mult ipath 
30.8 m i  path transmissions.  
Iowa Deep s e l e c t i v e  fading a t  one frequency 

is accompanied by 6 t o  10 db s i g n a l  
depression over t he  band of t h e  other  
f requencies ,  
Fading on frequencies separated by 
160 MHz o r  more show l i t t l e  cor re la -  
t i on ,  A s  frequency is diminished, 
cs r reLat ion  occurs. 
Frequency d i v e r s i t y  w i l l  minimize 
fading i f  the  frequency can be s h i f t e d  
f a r  enough away. 

35. O c t . ,  Nov. 1952 The path is  such t h a t  r e f l e c t i o n s  
8 mm wavelength from t h e  sea are negl fg ib le .  Appre- 
1 m i  over seawater pa th  c i ab le  fades  still. occurred. 
Scotland 

8 



36. 

37. 

38. 

39. 

40 

Feb. 52 - Mar. 53 
1046 MHz 
49.3, 70.2, and 96.6 mi when compared t o  the  s i g n a l  at  t h e  
mountain land nearer  rece ivers .  
Colorado 

Ducting sometimes causes a s t ronger  
s i g n a l  t o  appear a t  a d i s t a n t  receiver 

1952 - 1953 
1400, 3150, 4000, 9200 MHz 
227 km o p t i c a l  sea path 
from Corsica t o  France. 
29 km mountain t o  mountain 
path. 
France 

1954* 
400 MHz 
United S t a t e s  

September 1954 
955, 1965, 6730 MHz. 
20.25 m i  land 
Shreveport, Louisiana 
t o  Latex, Texas 3 

1952 - 1953 
92, 100, 192.8, 1046 MHz 
op t i ca l . and  nonopt ical  
pa ths  up t o  226 m i  from 
high mountain 
Color ado 

Signal  d i s t r i b u t i o n  curves show t h a t  
a t  both wavelengths less fading OCCUES 
during t h e  win te r  months.. 
a t  1400 MHz t h e  s i g n a l  level is 20 db 
below t h e  average 
and 3% of t h e  t i m e .  A t  1400 MHz fades  
as much as 80 db w e r e  recorded while 
a t  3150 MHz fades as much as 60 db 
w e r e  recorded. A t  3150 MHz it is  
shown t h a t  f a s t  fades  are almost 100% 
cor re l a t ed  f o r  both v e r t i c a l  and 
hor izonta l  po lar iza t ion .  Thus, it is  
concluded t h a t  po la r i za t ion  w i l l  not  
al ter fading on t h i s  path.  Meteoro- 
l o g i c a l  soundings ind ica t e  atmospheric 
a c t i v i t y  when fadings occur. Al t i tude .  
d i v e r s i t y  of antennas changes fad ing  
c h a r a c t e r i s t i c s ,  thus,  a l t i t u d e  
d i v e r s i t y  w i l l  minimize fading. 

For example, 

eve1 between 1% 

The r e f l e c t i o n  c o e f f i c i e n t  cannot 
be predicted by analyzing the  path 
p r o f i l e .  

The objec t  of t h e  repor t  w a s  t o  
publ ish propagation d a t a  f o r  t he  
Gulf South geographical area. 
It w a s  concluded t h a t  fades  become 
more frequent  but  s h o r t e r  i n  durat ion 
as the frequency increaseso  

Rayleigh's c r i t e r i o n  of roughness, 
R ,  is used i n  conjunction with Norton's 
(see Ref. 28) method f o r  replacing 
a rough t e r r a i n  with a smooth sul-faee 
t o  ca l cu la t e  transmission losses .  
This method is  v e r i f i e d  experimentally 
f o r  R$O.l- Also, a method f o r  ealcu- 
l a t i n g  transmission lo s ses  f o r  a 
smooth-surface as a funct ion of a 
l i n e a r l y  increas ing  r e f r a c t i v e  fndex 
p r o f i l e  is presented. 
t h a t  t h e  transmission loss f o r  1046 
MHz is appreciable  f o r  c e r t a i n  values  
of r e f r a c t i v e  index. 

. 

It is shown 

*Publication date .  
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41. 1957* 
Nonoptical i n  var ious 
l o  C a l i  t ies and 
seasons 

42. 1956 - 1957 . .  
8.6, 4.3 nnn wavelength 
3.5 t o  61.0 m i  path 
Colorado and Texas 

43. 1957* 
3300 MHz 
26.7 m i  and 46.3 
dese r t  
Arizona 

44. O c t .  56 - Oct. 57 
2000 MHZ 

20.7 m i  path 
O t t a w a ,  Canada 

45. Nov. 1954 
3982, 4020 MHz 
54.8 km, mountain path 
Japan 

46. 1961* 
band centered a t  100 MHz 
24 paths  

An expression f o r  t h e  r e f r a c t i v e  
indek of t h e  atmosphere i n  N u n i t s  
is given. It i s  shown t h a t  N varies 
logar i thmica l ly  with height  above 
the  e a r t h  ( see  Ref. 20). Experi- 
mentally obtained d a t a  shows t h a t  
N varies considerably with t h e  t i m e  
of t h e  year  and t h e  l a t i t u d e .  
average values of monthly median 
path l o s s  have a d e f i n i t e  cor re la t ion .  
The N v a r i a t i o n s  tend t o  expla in  
seasonal  and climatic s i g n a l  
v a r i a t i o n s ,  

The 

A t  4.3 mm t h e  a t tenuat ion  due t o  
r a i n f a l l  i s  l a r g e r  f o r  l a r g e  r a i n f a l l  
rates than t h a t  predicted by Laws 
and Parsons. For s m a l l  rates good 
agreement is  obtained. (See J. 0. 
Laws and D. A. Parsons, "The Relat ion 
of Drop S ize  t o  In tens i ty ."  
A m e r .  Geophysical Union. p .  452, 
1943. ) 

Trans. 

Due t o  in t e r f e rence  between the  
d i f f r a c t e d  wave and d i r e c t  wave, 
an "obstacle  gain" can be achieved. 
Thus, path i r r e g u l a r i t i e s  can be 
u t i l i z e d  t o  increase  the  s i g n a l  ga in  
i f  t h e  microwave terminals  are placed 
a t  a proper loca t ion .  

Due t o  meteorological condi t ions,  
deep fades do not  occur i n  colder  
weather. 

Meteorological da t a  ind ica ted  t h a t  
a duct i n  t h e ' v i c i n i t y  of t h e  t rans-  
m i t t e r  caused fadinga a t  t h e  rece ivers .  
The author  ind ica t e s  t h a t  fades  are 
caused by in t e r f e rence  between a 
convergent and divergent ray.  

Me teo r s~og ica l  da ta  may be used t o  
p r e d i c t  t he  seasonal  v a r i a t i o n  of 
rad io  f i e l d s .  

*Publication da te ,  
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47. 

48. 

49. 

1958, 1959 
10 GHz 
sea path 
England 

40. 

August 1961 
1040, 9300 MHz 
o p t i c a l ,  land 
Colorado 

1961* 
2880 MHz 
2 m i  path with trees 
Texas 

1950 - 1960 
1046, 751, 138, 1250, 
100, 250, 4Q0 MHz 
both sea and land 
Colorado and Ca l i fo rn ia  

A t  o p t i c a l  ranges the  received 
s i g n a l  h v e Z . c a n  frequent ly  be from 
5 t o  30 db below the  level expected. 
i n  an atmosphere of uniform v a r i a t i o n  
of r e fxac t ive  -index wi th  height  a 
When t h i s  l o s s  occurs an increase  
i n  s i g n a l  level t o  a near  t h e o r e t i c a l  
value takes place  when t h e  range is  
reduced. 

The crass -cor re la t ion  c o e f f i c i e n t  
of instantaneous carrier envelopes 
separated by 100 MHz has an o v e r a l l  
va lue  of -91. Resul ts  support  t h e  
f e a s i b i l i t y  of wide band modulation 
techniques f o r  within-the-horizon 
paths .  

The s i g n a l  s t r eng th  f o r  vertical  
po la r i za t i an  behind an obs t ruc t ion  
of trees is Eound t o  vary wi th  t h e  
screening angle  ( i . e .  the  smaller 
t h e  screening angle  i s ,  t h e  g rea t e r  
t h e  tree obs t ruc t ion  becomes)o For 
s m a l l  screening angles  the  s i g n a l  
s t r eng th  approaches t h e  t h e o r e t i c a l  
curve f o r  d i f f r a c t i o n  over a 
sphe r i ca l  surface.  
T i m e  va r i a t ions  of t h e  s i g n a l  are 
observed t o  be slow and about 1 t o  6 
Hz 
An approximate poin t  source is 
d i s t o r t e d  when a tree o r  a por t ion  
of a tree is  interctepted by the  
main beam of the  receiving antenna. 
Radars employing beam-comparison 
techniques are sub jec t  t o  s i g n i f i c a n t  
point ing e r r o r s  when a tree o r  a 
por t ion  0 f . a  tree is  in te rcepted  by 
t h e  main beam of the  t racking antenna. 

Fadeouts tend t o  be more frequent  but  

quencies. 'Resu l t s  show a s t ronger  
d i u r n a l  t rend  of fadeout incidence 
i n  cont inenta l  climates than i n  
m a r i t i m e - c l i m a t e s .  A s i g n i f i c a n t  
dependence of fadeout c h a r a c t e r i s t i c s  
of t h e . r e f r a c t i v e  index s t r u c t u r e  
has been observed i n  m a r i t i m e  climates. 
There are ind ica t lons  t h a t  t h e  occur- 
rence of fadeout is cor re l a t ed  on 

Lez durat ion f o r  higher  f r e -  

*Publication da te .  
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' (continued) 

51. 1964 
9293, 9430 MHz 
Optical, Land 
Colorado 

52. 1965* 
Statistical Study 
of centimeter waves 

vertically spaced antennas. The 
phenomenon 6f space-wave fadeouts is 
observed,whenever the refractive index 
profile has strong low level modifi- 
cation, regardless of climatic 
conditions and physical causes of the 
modification. 

s more pronoun 
correlation coefficients were generally 
lower over the path with the lower 
beam elevation angle. This is 
consistent with an increase of sensi- 
tivity to horizontal stratification 
of refractivity on the troposphere 
at lower beam elevation angles. 

AttenuatSon by rainfall in the 2 GHz 
band is of no importance but can 
become of increasing concern as 
frequency increases. Experimentally 
obtained graphs verify this statement. 

*Publication date. 
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